Ultrastructure and acid phosphatase activity in Paneth cells, which are thought to play a role in regulation of the intestinal flora, were observed in control and germ-free rats (5 weeks of age, male). Examination of the germ-free rats revealed: 1) secretory granules with coarse and a low-electron dense matrix in the duodenal, jejunal and ileal Paneth cells; 2) numerous and larger lysosomes in ileal Paneth cells ; and 3) contact or fusion between the secretory granules and lysosomes in ileal Paneth cells. Acid phosphatase activities in Paneth cells were observed in the GERL of NOVIKOFF (1964) and lysosomes in germ-free as well as control rats.
The function of Paneth cells has remained obscure, even though their study was initiated over a century ago (ScHWALBE,1872) . RIEcKEN and PEARSE (1966) suggested that the Paneth cell secretory granules are lysosomal in function, because of their positive cytochemical reactivities for lysosomal enzymes such as acid phosphatase and esterases. It has been well established that one of the main substances contained in the Paneth cell secretory granules is lysozyme (see review by SANDOW and WHITEHEAD, 1979; HEITZ and WEGMANN, 1980; LOPEZ-LEWELLYN and ERLANDSEN, 1980; RODNING et al., 1982) . As lysozyme breaks down the mucopeptidic cell walls of bacteria, it follows that Paneth cells may play a role in regulation of the intestinal flora. ERLANDSEN and CHASE (1972a, b) suggested that Paneth cells are "fixed phagocytes" in the intestinal crypt.
For elucidation of the function of Paneth cells, examination of their ultrastructural characteristics in germ-free animals is in order. OTTO and LEWERENZ (1973) observed these cells in germ-free rats containing many degenerative secretory granules, and suggested that there might be no stimulation for the occurrence of exocytosis in the Paneth cells in germ-free state.
This study aims to reveal the differences in the ultrastructure of duodenal, jejunal and ileal Paneth cells between control and germ-free rats, with special reference to the secretory granules and lysosomes. The ultrastructural localization of acid phosphatase activity in the cells in germ-free rats will also be described.
MATERIALS AND METHODS
Albino rats (5 weeks of age, male) were used in this study; four were germ-free rats (Jcl: Wistar [GN], CLEA JAPAN INC.) and six were control rats (Jcl:Wistar, CLEA JAPAN INC.). Both groups of rats were from the same closed colony and were fed the same diet, except that the food for the germ-free group was sterilized by radiation. The germ-free rats were maintained under sterilized conditions in a transporting isolator drum until just before they were killed.
All animals were anesthetized by an intraperitoneal injection of 25 mg/kg sodium pentobarbital.
After laparotomy, the gut lumen was slowly perfused with a fixative containing 4% paraformaldehyde and 1.25% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) at 4° C. In additiion, the same fixative was perfused from the left ventricle of the heart. Small tissue blocks were obtained from the proximal duodenum, midjejunum and terminal ileum.
For normal morphology, each specimen was fixed in the same fixative for an additional 2-3 hrs at 4° C. Specimens taken for study of the ultrastructural localization of acid phoshatase activity were fixed for 30 min at 4° C in the same fixative. The fixed specimens were washed overnight in the same buffer (pH 7.4) at 4° C, and about 40 pm sections were taken on a freezing microtome.
The sections were incubated at pH 5.0 for 20 min at 3T C in a BARKA and ANDERSON'S (1963) modification of Gomori's medium with 8.2 mM Q-glycerophosphate as substrate.
Some sections were incubated without the substrate.
Specimens for normal morphology and incubated sections for acid phosphatase activity were post-fixed in 1 % osmium tetroxide, and then dehydrated through a graded ethanol series to be embedded in Epon 812. Ultrathin sections (about 0.1 pm thick) were cut with an LKB ultramicrotome (Type 4800), stained either by uranyl acetate and lead citrate or by uranyl acetate alone, and viewed under a JEM 1000X electron microscope. Semithin sections (about 0.4 pm thick) were cut from the specimens treated for acid phosphatase activity and observed in the electron microscope without staining.
The number of Paneth cells per crypt profile was estimated on semithin Epon sections (about l pm thick). They were stained with toluidine blue and viewed by light microscopy.
At least four semithin sections were randomly selected from the duodenum, jejunum and ileum of each animal. Only longitudinally sectioned crypts, which showed an open lumen and reached the muscularis mucosa, were selected for counting.
In the duodenum, jejunum and ileum of each animal, the diameters of the dense bodies of at least seven Paneth cells were measured in electron micrographs at 18,000 x magnification.
The diameters of the secretory granules were measured in the ileum.
RESULTS

Control rats
The number of Paneth cells per crypt profile increased from the duodenum to ileum (Fig. 1) . No morphological and cytochemical differences in cells between the regions examined were recognized in the control rats. Secretory granules were numerous in the apical portion of the cell. Most of them contained a homogenous, fine granular matrix.
A few granules contained a coarse-granular matrix of low electron density (Fig. 3) . No granules were found fused with lysosomes.
Dense bodies were found in the perinuclear portion of the Paneth cells. Two types could be identified: the first showed a densely packed fine granular matrix (hereafter called "condensed body"), while the second type comprised a coarse granular or vacuolar matrix (hereafter called "vacuolar body"). Both types of dense bodies were spherical or irregular in shape and contained aggregated myelin-like figures. Paneth cell profiles in control rats were found to contain 3 to 5 small condensed bodies (about 0.7 ~cm in diameter) and sometimes a single large spherical condensed body (1.5-3 ~cm in diameter) (Fig. 2) . Very rarely was a vacuolar body observed. No dense body containing intestinal microorganisms was observed in any of the Paneth cells examined.
In the Paneth cells of all the regions studied, reaction products of acid phosphatase activity were observed in the dense bodies (lysosomes) and in a part of the smoothsurfaced endoplasmic reticulum proximal to the inner Golgi saccules: GERL of NOVIKOFF (1964) . Enzyme activity was not found in the microvillous membrane, the lateral cell membrane nor the secretory granules (Fig. 4, 5) . No reaction product was seen in sections incubated without the substrate.
Germ-free rats
The Paneth cells in crypt profiles of the duodenum, jejunum and ileum of the germfree rats were significantly less in number than those in the control rats (p < 0.001), though they increased from the duodenum to ileum as in the control animals (Fig. 1) . The size of the Paneth cells in germ-free rats appeared to be almost the same as that in the controls. No significant difference in the size of secretory granules was found as examined in the ileal Paneth cells (Table 1) . Their electron density, however, was more variable than in the controls.
Many of them contained a rounded, coarse-granular matrix surrounded by a clear space which sometimes contained irregular concentrations of membranes (Fig. 6, 7) .
The Paneth cell profiles of the duodenum and jejunum in the germ-free rats contained 3 to 5 dense bodies (about 0.7 ,um in diameter), and vacuolar bodies were more often observed than in the control animals.
The ileal Paneth cell profiles in the germ-free group contained more numerous and larger dense bodies than in the control group: 2 to 3 vacuolar bodies (about 2,am in diameter) and 7 to 10 condensed bodies (about 1, um in diameter) (Fig. 8, 9 ). In the ileal Paneth cells dense bodies, either in contact or fusion with each other, were observed (Fig. 10) .
There was no difference in the localization of acid phosphatase activity in the Paneth cell in any of the regions studied in the germ-free rats as compared with the control rats: acid phosphatase activity was found in the dense bodies (lysosomes) and the GERL, but not in the secretory granules ( Fig. 11-13 ). Acid phosphatase activity was localized in the matrix of the condensed and vacuolar (Fig. 14) . The densely packed matrix of the condensed lysosomes contained strong reaction products.
On the other hand, the matrix of the vacuolar lysosomes had relatively weak acid phosphatase activity (Fig. 14) .
Contact or fusion of the secretory granules with the lysosomes was observed in the ileal Paneth cells, but only rarely in the duodenal and jejunal Paneth cells. The limiting membranes of the secretory granules were not clearly seen at the fusion sites. Acid phosphatase activity was observed in the invading lysosomes but not in the secretory granules fused with the lysosomes (Fig. 14) . Lysosomes fused with secretory granules were not found in the control rats.
DISCUSSION
The results of some ultrastructural investigations have shown the presence of acid phosphatase activity (a lysosomal marker) in some of the secretory granules of Paneth cells in ordinary animals (NovIKoFF et al., 1962; OGAWA et al., 1962; GOLDFISCHER et al., 1963; MATSUBARA, 1977) . On the other hand, BEHNKE and MOE (1964) reported that there was no reaction product for this enzyme in the secretory granules of the Paneth cells. In the present study, the localization of acid phosphatase activity in the Paneth cells in control and germ-free rats was observed in the GERL and lysosomes, but not in the secretory granules.
As the secretory granules of the Paneth cells contain lysozyme-which has a bacteriolytic function, their morphological changes, if any, under conditions completely lacking intestinal microorganisms have become a matter of interest. OTTO and LEWERENZ (1973) reported that Paneth cells in germ-free rats had degenerative secretory granules with heteromorphic granular matrix and myelin-like structures.
Secretory granules of variable electron density were found in the Paneth cells of squirrels during hibernation, when bacterial activity seems to be reduced due to low temperature (TOTH, 1980) . In the present study, the changes in the secretory granules (i.e., membranous structures, coarse and low electron dense matrix and clear peripheral space) were observed in the germ-free rats.
On the other hand, the amounts of lysozyme per Paneth cell were reported to be the same in control and germ-free rats, as determined by radioimmunoassay (ERLANDSEN , 1977) . In his immunohistological study, KLOCKARS (1974) reported that an increased intracellular concentration of lysozyme characterized the ileal Paneth cells in germ-free rats. It is unclear why there should be a discrepancy between the morphological observations made by electron microscopy and the results made by radioimmunoassay or immunohistological method. It has been reported that the Paneth cells have many lysosomes or lysosome-like structures in man (TRIER, 1963) , in the rat (BEHNKE and MOE, 1964) , in the rabbit (M HA, 1968) and in the spiny anteater (KRAUSE, 1971) . ERLANDsEN and CHASE (1972a, b) suggested that the secondary lysosomes in Paneth cells were formed by heterophagy, as phagosomes containing intestinal microorganisms were observed in the cells in normal and infected rats. In this study, however, there were no lysosomes containing microorganisms in Paneth cells of the control rats. In germ-free rats duodenal and jejunal Paneth cell profiles contained some lysosomes, and in ileal Paneth cells more numerous and larger lysosomes were found. Many tended to fuse with each other and become larger lysosomes. It is obvious that the source of these lysosomes in germ-free rats cannot be phagocyted microorganisms, though the possibility of heterophagy in Paneth cells cannot be excluded in the case of conventionally reared animals.
The significance of the two types of lysosomes (condensed and vacuolar lysosomes) in the Paneth cells is not yet clear. OTTO and LEWERENZ (1973) suggested that the intestinal microorganisms might exert a stimulation for the secretion of Paneth cells. The present study showed contact or fusion between the secretory granules and the lysosomes in ileal Paneth cells in germ-free rats. It is most likely that the secretory granules of Paneth cells in a germ- The reaction products can be seen in GERL. Unstained section.
x 45,000 11 12 13 free state are not utilized for regulation of the intestinal flora and therefore are autophagocytized. This is the process of "crinophagy" as designated by DE DuvE (1969) . The process of crinophagy in Paneth cells of germ-free rats was most conspicuous in the ileal epithelium, the site of highest bacterial concentration in the small intestine of conventionally reared animals (SMITH, 1965; LAMBERT et al., 1967) . The intestinal flora may influence the secretory mechanism of the Paneth cell.
